The transgenic adenocarcinoma of the mouse prostate (TRAMP) is a model for progressive prostate cancer (PCa) that mirrors the stages of the human form. In this study, the effects of a diet enriched with processed whole tomatoes on survival, tumorigenesis and progression of PCa, and the antioxidant and inflammatory status of TRAMP mice were investigated. Tomato diet (TD) significantly increased overall survival (P<0.01), delayed progression from Prostatic Intraepithelial Neoplasia (PIN) to adenocarcinoma (ADK), and decreased the incidence of poorly differentiated carcinoma (PD).
Blood and tissue collection and analyses. Animals were anesthetized by CO 2 inhalation. Blood samples collected by cardiac puncture in heparinized tubes were centrifuged in the dark at 250g for 10 minutes to separate plasma, which was stored at -80 °C. After induction of death with a further CO 2 inhalation, prostate glands (dorsolateral, ventral, and anterior lobes) and seminal vesicles were removed, and micro-dissected whenever possible. When a tumour obscured the boundaries of the lobes it was taken as such.
Histology. Prostates and all major organs were examined for microscopic evidence of primary tumours/metastases. One-mm step sections were taken from formalin-fixed, paraffin-embedded tissue, and 5mm slices were stained with H&E. tumour volume was calculated from the formula V = a Table S3) Statistics. Overall survival was measured from the start of treatment to death, and censored at the last follow-up (48 weeks for survivors). Its distribution was estimated using the Kaplan-Meier method, and the difference between groups by means of the log rank test. The effects of treatment and time on serum biomarker levels were evaluated by 2-way ANOVA with repeated measures. Post hoc comparisons were then made with Bonferroni's t test for pairwise multiple comparisons, with 5%, as the significance cut-off.
Serum protein analysis. The concentrations of serum proteins (see the complete list in

Results
Protocol 1: a) Survival. The Kaplan-Meier survival curves (Fig.1A) revealed a significant increase in the overall survival rate of the TD mice (67% vs 11%; p=0.0018). Histopathological examination disclosed PD tumours in 10 CD mice (56%) and 3 TD mice (17%). All these animals died spontaneously within the 31st (CD mice) or 33rd week of age (TD mice). All the other mice developed phyllode tumours of the seminal vesicles that were significantly smaller (two-tailed Mann Whitney U test, P-<0.01) in the TD animals (volume: 147 ±141 mm 3 , n = 15, versus 428 ± 391 mm 3 , n = 8) (Fig.   S1 ). This slow-growing tumour eventually gives rise to voluminous masses due to actively Tagpositive, fibroblast-like cells that obstruct seminal vesicles and urethers. Death is usually due to urinary blockage and consequent kidney failure. ) was observed at 25 weeks in only one TD mouse (Fig. 2 G-I). b) Serum biomarkers. The proteins quantitated with multiplexed immunoassay included several molecules widely recognized as significant prostate carcinogenesis biomarkers. The influence of TD on these serum biomarkers is illustrated in Fig. 3 . TD mice displayed lower serum VEGF concentrations than CD mice (P<0.0001, ANOVA). A significant effect of time (weeks of age) (P=0.048), as well as a significant interaction "weeks x treatment" (P=0.036), were also observed. Post hoc comparisons with Bonferroni's t test for pairwise multiple comparisons showed that TD significantly decreased serum VEGF at 12 and 25 weeks (P<0.05 and P<0.001 respectively), and also modulated the concentrations of several angiogenic/inflammatory chemokines. TD mice sera had significantly lower concentrations of the angiogenic KC/GROa, MIP-2/GRO-b and MIP-1b (the angiogenic CCL3 chemokine) than CD mice. No differences were found for IL-8, MIP-1a, MIP-1γ, and MIP-3β serum concentrations. The peak level of KC/GROa, observed at 12 weeks in CD mice, was completely abolished by TD.
Similarly, peak levels of MIP-1b and MIP-2 recorded at 20 weeks in CD mice were not present in TD mice. Although less impressive in terms of magnitude, a significantly lower concentration of the angiostatic IP-10 chemokine was observed in TD mice at 25 weeks (Fig. 3S A) .
TD markedly affected serum concentrations of many IL-6-type cytokines, namely IL-6 itself, oncostatin M (OSM) and IL-11 (Fig. 3) , but not leukaemia inhibitory factor (LIF). In CD mice, IL-6 concentration peaked at 25 weeks (as in the case of VEGF), and IL-11 and OSM at 20 weeks, whereas in TD mice these cytokines were undetectable or barely detectable at 12 weeks and their concentration curves were flattened at significantly lower levels. TD was also significantly effective in lowering 
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FGF-9 and IL-7 (Fig. 3) from the 12th to the 25th week. As shown in the supplementary material, TD lowered the serum concentrations of IL-10 (20-30 weeks), TNF-a (Fig. 3S A) , SCF (20-25 weeks), MMP-9 (20 weeks) and MCP-1 (25 weeks) (Fig. 3S B) . Effects on IL-1a and IL-1b were only observed at the latest times (from the 25th to the 33th week (Fig. 3S C) .
TD had no significant effect on the concentrations of EGFR, Endothelin-1, FGF-basic, glutathione S transferase, ILs (from IL-2 to IL-5, IL-12, and IL-17), RANTES, TIMP-1 and the other proteins listed in Table S3 . 
SV40 Tag antigen expression in the dorsolateral prostate.
A major concern was that the preventive effect of TD might be due to direct suppression of the probasin promoter, resulting in reduced expression of the Tag transgene. As shown by immunohistochemistry (Fig. 2: inserts in A, B, D ), the Tag oncoprotein was expressed in the prostates of both CD and TD mice. Tag was also present in primary and metastatic PD. These observations suggested that the mechanism of tomato action against prostate cancer is not related to Tag expression, but to direct suppression of carcinogenesis.
Discussion
TRAMP mice on the TD survived longer than the CD controls, and displayed a lower incidence of poorly differentiated carcinoma. This is the first indication that whole-tomato supplementation improves TRAMP mouse survival.
This improvement (Fig 1A) was probably due to the ability of whole tomato to modulate both the tumour burden leading to urethral compression, urostasis and renal failure, and systemic metastasis.
TD, in fact, reduced ADK and phyllode tumour growth, as well as the incidence of metastasis from the AR-negative PD tumour. As already mentioned, this is the main "lethal phenotype" in TRAMP mice due to both its rapid growth and consequent acute renal damage by compression, and as a source of distant metastases and systemic cachexia (18) (19) (20) .
Our TD was specifically elaborated to have a high content and bioavailability of all bioactive tomato compounds. Prolonged heating of whole tomatoes, including their seeds and skins, maximised the concentration of flavonoids, and carotenoids (21) and promoted the formation of ketosamine (14) .
The serum lycopene concentration in the 20-week-old TD mice (150 nM) was similar to that in rats on a 25% enriched TD (176 nM) (reviewed in 24). Its decrease to 90 nM at the 33rd week (Fig. 4) may have been due to disease-related factors, such as androgen status, oxidative stress and aging (15) . Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.
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Reduced feed intake was suggested as a cause of diminished serum lycopene levels in Dunning prostate cancer rats on a diet supplemented with lycopene beadlets (25) . This seems unlikely in our TRAMP model, because the body weights of the TD and CD mice were similar. As already mentioned, lower lycopene concentrations may have been due to the oxidative stress accompanying cancer progression, as recently demonstrated in the TRAMP model (26) . Suppression of antioxidant enzymes (catalase, superoxide dismutase, glutathione peroxidase, heme-oxygenase-1 and phase II detoxifying enzymes) may provoke the in vivo "consumption" of lycopene, and hence the formation of potentially bioactive oxidation and/or unselectively cleaved products, namely "lycopenoids" (27, 28) . These compounds, together with the flavonoids (rutin and ishoramnetin 3-glucuronide) found in sera of TD fed mice may activate the Antioxidant Responsive Elements (ARE), and thus both ameliorate the oxidative status of TD mice and contribute to TD's anti-tumoral activity (28, 29) . This suggestion is in line with the higher antioxidant capacity of TD mouse plasma.
Chronic inflammation/angiogenesis, too, is of importance in both mouse and human PCa development and progression (30, 31) . This paper is the first report of a significant reduction of the serum levels of several pro-inflammatory/proangiogenic molecules of significance in prostate weeks, prior to tumour formation, and hence were probably involved in TD's chemoprevention mechanisms (33) .
VEGF is highly correlated with angiogenesis and metastatization in both men and TRAMP mice (34) (35) (36) . It was inhibited by TD, which delayed the angiogenetic switches needed for the development of PIN and PD tumours (35) . In addition, TD selectively reduced the concentrations of other pro-angiogenic/pro-inflammatory chemokines such as KC/GRO-α, MIP-2/GRO-b and MIP-1b.
but not those of MIB-1b, MIB-1γ and MIB-3b. Increased production of angiogenic chemokines by prostate tumour cell lines and in PCa patients has been documented. Furthermore, PCa xenograft growth is inhibited by antibody neutralization of KC/GRO-α (CXCL1) (37) .
Prostate tumours from TRAMP mice also had higher mRNA for MIP-2 than noncancerous prostate tissues. This alteration was associated with increased activation of the NF-kB transcription factor, which regulates the expression of angiogenic CXC chemokines (38) . MIP-1 induced vigorous migratory responses in DU-145 prostate cancer cells (39) , and inhibits apoptosis (40) The TD-dependent reduction of IL-7 concentrations may also result in an environment less favourable for cancer development: IL-7 induces VEGF independent proliferation of microvascular endothelial cells (41) . TD markedly reduced serum concentrations of some IL-6-type cytokines, such as IL-6, OSM and IL-11. These cytokines and their receptors are expressed in the prostate, and regulate its IL-6 plays an important role in the transition from an androgen-dependent to an androgen-independent state, promotes neuroendocrine differentiation, and contributes to cachexia in PCa patients (44, 45) .
Targeting IL-6 has thus been proposed as a potential collateral treatment for PCa. Down-regulation of serum FGF-9 concentration by TD at 12 weeks of age may also contribute to the antineoplastic activity of tomatoes. Prolonged FGF signalling leads to prostate neoplastic transformation and tumour progression through autocrine and paracrine loops (46) .
Conclusions
Daily consumption of a tomato-rich diet was highly effective in preventing PCa in TRAMP mice.
In addition to its direct effects on tumour cells, tomato, a functional food containing a mixture of pleiotropic compounds (47) , can be regarded as a biological response modifier whose establishment of an anti-inflammatory and anti-angiogenic environment prevents tumour onset and progression. 
